A b s t r a c t: The quality of fresh goat meat can be defi ned strictly in terms of physical and chemical properties, or 
Introduction
The general defi nition of meat quality, including goat meat quality, is referring to meat safety (pathogenic microorganisms, toxins, heavy metals, pesticides and antibiotics residues, etc.), physical and chemical properties of meat and palatability (Webb et al., 2005; Casey and Webb, 2010) . Parameters which defi ne the quality of goat meat, as noted by Webb et al. (2005) , are discovered and continually redefi ned. Goat meat quality depends on the biological factors including the age and sex of the animal, as well as other factors such as pre-slaughter stress , slaughter techniques and carcass cooling and freezing practices.
Physiological state of live animals and postmortem biochemical changes in muscle, fat and fibrous tissue have a direct impact on the meat palatability. Animal feeding affects quality of the meat by muscle growth, muscle and fat ratio, fat accumulation and the fatty acid composition (Casey and Webb, 2010) . Goat meat is an important source of proteins worldwide, especially in developing countries (Biswas et al., 2007) . It has about the same nutritional value as sheep meat (contains more proteins and less fat compared to sheep meat). Anaeto et al. (2010) has considered that goat meat is easier to digest as a result of its molecular structure. Because goat meat contains low amount of saturated fatty acids and cholesterol, according Anaeto et al. (2010) , it presents a healthier alternative compared to other types of red meat. According to the same author, polyunsaturated fatty acids are prevalent in goat meat and diet rich in unsaturated fatty acids is correlated with a reduced risk of stroke and coronary heart disease, which indicates important role of goat meat in human diet. Regardless of the nutritional value, goat meat is still less appreciated because of specifi c taste which is even more present in older animals (Ivanović et al., 2011) .
The fatty acids in the muscle tissue affect meat quality, including tenderness, color, stability of lipid and fl avour (Wood et al., 2004) . In the transformation of fatty acids substances are formed which directly affect the smell and taste of goat meat. Slightly rancid odor is caused by hexanal which comes mainly from linoleic and arachidonic acid (Martin et al., 2002) . Other volatile aldehydes such as heptanal, octanal, nonanal and decanal derive mainly from oleic acid (Machiels et al., 2004) . Fatty acids have been specifi cally implicated in sheep and goat fl avors. 4-ethylocatanoic fatty acid is mainly responsible for strong smell of goat meat. This acid was detected in goat meat, lamb and mutton, as well as in cheeses made from milk from these species. In addition to fatty acids, taste and aroma are also affected by other compounds: hydrocarbons, aldehydes, ketones, alcohols, furans, thiophenes, pyrrols, pyrazines, oxazoles, thiazoles, and sulfurous compounds (Todaro et al., 2004) . Goat meat has a signifi cant role in human nutrition because it contains essential amino acids such as lysine, threonine and tryptophan. Goat breeding and goat meat consumption, despite mentioned qualitative composition, are determined by religion, tradition and customs as well as market and consumer habits (Ivanović et al., 2009) . In Serbia, there are not enough information about the quality of goat meat and goat meat products such as smoked ham. The aim of this study was to determine differences in the basic chemical composition, colour, fatty acids composition, volatile compounds of fresh meat and smoked ham (m. gluteus superfi cialis), which come from the Serbian population of white goat breed, aged fi ve or six years.
Material and methods
Twenty culled Serbian white goats, 5−6 years old were used. All animals were selected from private farms in the rural area of Stara Planina Mountain. The goats were raised during the same period . Facilities for housing of goats were built of mixed solid materials and covered with ceramic tiles, with conditions that were satisfactory for goat breeding. The fl oor was stuffed soil and covered by thick layer of wheat straw. Watering was ad libitum.
The diet for goats during the winter consisted of hay which was collected from natural pastures (3.5 kg/day per animal) and concentrate (0.25 kg/day per animal). In the summer months, the goats were pastured and fed with concentrate in the amount of 0.25 kg/day. The concentrate was made of maize meal, wheat bran with added sodium chloride and premix.
The animals were slaughtered in the experimental slaughter house of the Institute for Animal Husbandry. The carcasses were processed in the way common for industrial production, and cooled at 4°C for 48 hours.
Processed goat hams with associated bones were dry salted using about 6% nitrite salt (99.5% sodium chloride and 0.5% sodium nitrite). Hams were kept in nitrite salt for 30 days at 5°C. During the salting period they were rotated every two days. Desalting was carried out in cold water for 24 h, the water was changed four times. Hams were coldsmoked for 45 days on moderate air circulation, humidity 70−78%. The smoke temperature did not exceed 20°C. During the fi rst 10 days, the smoking was carried out every day for 2 hours, but between the 10th and 45th day it was done every two days for 2 hours. After the smoking period, hams were air dried (18−20°C) for another 45 days.
The material used for the determination of chemical composition, fatty acids and volatile compounds was m. gluteus superfi cialis. Moisture content was determined according to ISO 1442:1997, fat content according to ISO 1443:1973 and ash content according to ISO 936:1998. The protein content was calculated from nitrogen content multiplied with 6.25 using ISO 937:1978, sodium chloride content was determined according to ISO 1841 -1:1996 , pH value according to ISO 2917 :1999 and nitrite content according to ISO 2918 :1975 . AOAC method (1996 , 2001 ) was applied for fat extraction from tissue, methylation with boron trifl uoride reagent and GC determination. Analysis of FAMEs was performed by an internal standard method using a gas chromatograph (GC6890N, Agilent Tech., USA) with column DB−23 (60m × 0.25mm ID, 0.15 μm) and comparing with standard mix of FAMEs 37 (Supelco, USA).
Volatile compounds analysis was conducted by Likens-Nickerson extraction procedure (Likens et al., 1964) and by gas chromatographic-mass spectral analysis using an GCMS-QP2010 Ultra (EIMS, electron energy = 70 eV, scan range = 30−350 amu, and scan rate = 3.99 scans/s) with SUPELCOWAX ® 10 Capillary GC Column (30 m x 0.25 mm ID, particle size 0.25 μm). The carrier gas was helium with a fl ow rate of 1 mL/min, and the injection temperature was 200°C. The oven temperature was programmed to initially hold for 10 min at 40°C, and subsequently programmed from 40°C to 120°C at a rate of 3°C/min and at a rate of 10°C/min from 120°C to 250°C where it was held for another 5 min. Identifi cation of the peaks was based on comparison of their mass spectra with the spectra of the WILEY library and in addition, in some cases, by comparison of their retention times with those of standard compounds.
The colour was measured on the fresh and smoked meat cuts (musculus superfi cial gluteal), from the right side of each carcass. CIE L*a*b* colour coordinates (CIE Colorimetry, 1986) were determined using Minolta Chromameter CR 400 (Minolta Co. Ltd., Osaka, Japan) in D-65 lighting, with standard angle of 2 degrees of shelter and 8 mm aperture of the measuring head. These results were expressed in CIE L*a*b* and were given as the mean values: L* (psychometer light), a* (psychometer tone) and b* (psychometer chroma).
Data obtained in this study were analysed by descriptive and analytical statistical parameters: mean value (M), standard deviation (SD) by using MS Excel 2003 and analysis of variance (ANOVA). The differences between the averages were compared by t-test at the level of signifi cance of 95%.
Results and discussion
The results of chemical composition and pH value of fresh goat meat and ham are shown in Table 1 .
Results presented in Table 1 showed that there was a statistically signifi cant difference (p < 0.05) between the values of protein, fat, moisture, ash and pH value in fresh goat meat and the value of protein, fat, moisture, ash and pH value determined in the fi nished product (smoked ham). Sodium chloride and nitrites were determined only in smoked ham.
The results of the fatty acid composition in m. gluteus superfi cialis of goat meat and smoked ham from these goats are presented in Table 2 .
There were statistically signifi cant differences (p < 0.05) between the values of capric acid, lauric acid, myristic acid, pentadecanoic acid, pentadecenoic acid, palmitic acid, palmitoleic acid, heptadecanoic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, arachidic acid and gadoleic acid identifi ed in the thigh meat prepared for curing and smoking compared to value of the fatty acids identifi ed in the fi nal product (smoked ham). The ratio of unsaturated/saturated fatty acids was 0.83 in fresh meat and 0.55 in smoked ham. Table 3 shows the results obtained by analysing the presence of specifi c volatile substances in fresh meat and smoked ham.
Some volatile compounds, such as, benzene, ethylbenzene, phenol, 2-methyl-phenol and 2-methoxy-phenol were not detected in fresh goat meat while 2-pentanol and 1-octen-3-ol were not detected in smoked ham.
In this study no statistically signifi cant differences (p > 0.05) were found between butanoic acid and octane. There were statistically signifi cant differences (p < 0.05) between other volatile compounds determined in fresh meat and smoked ham (table 3) .
Colour parameters (L* a* b*) of fresh meat samples taken from a goat leg and samples of Table 4 . In this study, statistically signifi cant differences (p ˂ 0.05) were found for lightness (L*) as well as for redness (a*) and yellowness (b*).
Meat has heterogeneous composition, which is specifi c for each type, and varies depending on many factors, therefore it is diffi cult to defi ne the quality of the meat. Meat quality is affected by breed, gender, productivity and adaptation to stress, environment, management, nutrition, body weight and health condition at the time of slaughter, slaughter methods and post-slaughter carcass practices. In addition, meat products, in this case smoked ham, are manufactured in different ways and therefore it is diffi cult to compare the results represented by different authors. Previously, we examined chemical and sensory characteristics of meat from Bunte Deutsche Edelziege and Balkan goat breed (Ivanović et al., 2011) and meat quality of Serbian White goat and Balkan goat . The results of chemical composition (total protein, fat, water, ash) and pH value of fresh meat presented in Table 1 are consistent with the results we obtained in the previous study, which related to the population of Serbian White goat . Our fi ndings related to the fresh meat (Table 1) are also consistent with the results obtained by Paleari et al. (2008) . These authors investigated the composition of meat from goat crosses (Frisa × Frontalasca) aged 2-3 years. Goats were reared in similar conditions as goats in our experiment (during summer season they were on pasture and during the winter kept inside facilities). Ding et al. (2010) investigated the quality of the meat from Guanzhong Dairy breed and three genotypes thereof. Our results relating to fresh meat, water, protein and ash are in agreement with the results of Ding et al. (2010) for the breed Guanzhong Dairy, however not in accordance regarding the fat. In our studies, the most represented fatty acids in fresh meat were, in the following order, oleic acid, palmitic acid, stearic acid, myristic acid and palmitoleic acid. The percentages of these fatty acids in smoked ham are little different (Table 2) . Statistically signifi cant differences in regard tio the fatty acid composition in fresh meat and smoked ham are the result of manufacturing process (maturation, curing, smoking, drying). Fatty acid composition in meat and milk of ruminants depends on breed and feeding (Grubić et al., 2005; Ivanović et al., 2012) . Lipids from the diet are hydrolyzed in the rumen of ruminants. Unsaturated fatty acids from food are biohydrogenated by microorganisms from rumen. As a result, ruminants absorb predominantly saturated fatty acids, which is why the food that originates from ruminants contains mainly saturated fatty acids. Our results showed that the total saturated fatty acids participate with 54.53% ± 5.27 in fresh meat and 64.47 ± 6.37 in smoked ham. The USFA/SFA ratio in fresh meat was 0.83 and in smoked ham 0,55. The results obtained in the present study for oleic acid, palmitic acid and stearic acid in fresh meat are in accordance with the results obtained by Paleari et al. (2008) , while for the smoked ham are consistent only for oleic acid, which is understandable, because the production process is not the same. Our results regarding the total SFA, MUFA and PUFA contents are also consistent with the results of previously mentioned authors. The results obtained for fresh meat, that are related to percentage of oleic acid, palmitic acid, stearic acid and myristic acid are in agreement with the results obtained by Mushi et al. (2008) , but not in agreement with the results from same study relating to the total SFA, MUFA and PUFA content.
it The presence of volatile compounds was determined in the analysed samples within the following groups: aldehydes, ketones, heterocyclic compounds, aromatic hydrocarbons, phenols, alcohols, organic acids, alkanes (Table 3) . By analysing the samples of fresh meat, two compounds from the group of aromatic hydrocarbons (benzene and ethylbenzene) and compounds from the group of phenols (phenol, 2-methyl-phenol and 2-methoxyphenol), which were identifi ed in smoked ham, were not determined. By analysing the samples of smoked ham, the presence of mentioned compounds was determined, however, in the group of ketones, 2-butanone was not determined, and in the group of alcohols, 2-pentanol and 1-octen-3-ol compounds were not identifi ed. The compounds identifi ed in smoked ham probably were formed as a result of smoking.
Aldehydes were the most common groups of compounds identifi ed in the analysed samples. Hexanal, 16.07 ± 1.14 μg/kg in fresh meat and 5.96 ± 1.05 μg/kg in smoked ham, was the most common type of aldehyde. Hexanal mainly comes from linoleic and arachidonic acid (Martin et al., 2002) . Our results regarding the aldehyde in smoked ham are in agreement with results from study conducted by Paleari et al. (2008) . Values of aldehyde in the fresh meat do not agree with results obtained by Kang et al. (2013) , but are in agreement with ones obtained by Villalobos-Delgado et al. (2014) . These authors have examined the fresh sheep meat during production process. Aldehydes in general are major sources of volatile fractions obtained from ruminant meat (Vasta and Priolo, 2006) . According to Mottrаm (1998), aldehydes are compounds which are formed as a result of lipids oxidation. They may signifi cantly contribute to the overall taste of the product because of their low levels of olfactory perception.
The second most present group of compounds are ketones. 2-butanone is mainly determined in fresh meat, while its presence was not determined in the smoked ham. Most common ketones found in smoked ham were 3-hydroxy-2-butanone and 2,3-butanedione. Type and amounts of ketones, as well as aldehydes, in smoked ham in our study are in agreement with the resultes obtained by Paleari Kang et al. (2013) , but agree with results from study conducted by Villalobos-Delgado et al. (2014) . Detection of the ketones in the meat is generally correlated with type of diet. It has been found that 2,3 -octanedione is present in a higher amount in meat from the animals fed with grass (Vasta and Priolo, 2006) . The results in our study referring to aromatic hydrocarbons obtained for smoked ham are in agreement with the results from study conducted by Paleari et al. (2008) . In fresh meat two of three compounds were not detected (Table 3) .
Phenols were not detected in fresh meat while they were present in small amounts in smoked ham. Also organic acids were present in a small percentage in fresh meat (Table 3) , although they are responsible for the distinct taste of goat meat. Their level in fi nal product was slightly higher, especially amount of acetic acid. Our results for acetic acid in smoked ham are in agreement with the results from study conducted by Paleari et al. (2008) . Other compounds such as alcohols, alkanes and alkenes were detected in very low concentrations, but they probably have synergistic effects with other compounds and can affect the smell and the taste of goat meat and meat products.
Statistically signifi cant differences between the parameters which determine the colour of fresh meat and smoked ham were expected because the processes during the production of smoked ham (maturation, curing and smoking) leads to discoloration. The results obtained in this study (Table 4) relating to fresh meat are in agreement with our previous research but not with the results of Madruga et al. (2008) . The results of measurements of colour in fresh meat obtained in the study conducted by Teixeira et al. (2011) , referring to the parameter L * are in agreement with our results, while the parameters a* and b* are not compatible.
Conclusion
The statistical difference between individual fatty acides in fresh and smoked meat lead to complex chemical and biochemical processes during technological production (maturation, brine, smoking, drying). As result of these processes, some volatile compounds, which were present in fresh meat, were probably synthesized in the whole group of other compounds that are present only in smoked meat. All the changes that have occurred, have led to signifi cant differences (p < 0.05) in colour between samples of fresh and smoked meat.
